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A production-proving test is described for the preparation, by the
anaerobic culture method, of large volumes of culture filtrate contain-
ig immunologicaliy pokant protective antijen of 1. anthrocia. The

process consisted of the anaerobic culture, in a chemically defined medium,
of a seleoted production @train. The cultura was then clarified and
sterilixed by filtration through aintered-glass filter. The sterile
culture filtrate wi adsorbed onto a preformed a uminum hydroxide got and
the stabilised gel-antigen complex was concentrated, The final product
had high imrnunfring pintnev ' an shown by both 16 y~ afid in vItr aafaym,
and was well tolerated in man. Stability of the product to accelerated
aging was good, and storage at OC For one year causad only a minor toe
in protectlvG activity. Large volu~me of tho hlghly antigenic get-adsorbed
protectivo antigen ware readily produced by the method deecrihad.
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I. INTRODUCTION

The protective' antigen elaborat*d by Bacillus anLtblzaq t during aerobic
growth has been shown to be effective in immunizing animals and man agalnst
anthrax.1 3-  Subsequent research established that protective antLgan was
also elaborated in good yield under anaerobic conditions in chemically
defined media.4  Adsorption of the culture filtrate antigen onto a pro-
tormed aluminum hydroxide gal and preservation and stabilization of the
adsorbed product was described by Pusiso and Wright.p The stable final
product had high antigenicity in experimental animals and was wall
tolerated in man. These studies indicated that the anoorobic process
could be readily adapted to production of antigen on a practical scale.
The objective of the work presented in this repqrt was a study of the
requirements for adaptation of the anaerobic culture mefthod to provide a
larle-scale process for production of antlhrax protective antigen.

11, MTERIAIJ AND tUTHIODS-

This work was performed primarily at the West Point, Pa., facilitis
of the YArck, Sharp anG Dohm Division of Merck & Co,, Inc. Two of the
authors- (Lae-C, Mannin -and tugene S. Urelay) 'are on the staff there.
All_ animal iuuut,.Lati n and chalLanga studies w-r_- purform d at Port fetrC k .*

At CJLTU E

$train V iO-NP1-11, a nonencapsulted, non roteolytic, and avirulent
mutant of H. anthrac.j, was used as inoculum. Immunized animals were
challenged with the virulent Vellum strain of J1. anthlgis.

-
1

B. GROWTH MEDIUM

The ohe.mLally defined 1095 medium described by Wright 14- d was used;
it was mad% up as a 25-fold conctitrated stock and diluted to required
volume in the fermentation tank. The chemicals wQra of C.P. or reagent
gradn; all water warn reslity distilled and obtained from the plant service
Line 4t 180P . Composition of the defined medium is presented in Table 1.

In ,nndurt'Ing Lh- romearrch reported herpin, the investigators adhered to
"Principlo ot litboratory Animal Care" as established by the National
Soriet.y for Mdical Roeiarelh,



TABLE 1. CONSTrITUNNTS RE~QUIRED) FOR 300 LITERS OF 1095 MEWIUM

CONST ITUENT CONCENTRATION CONST ITUENT CONCENTRATION
Cramp/12 liters Grams/12 liters

AB-0 stock C stock
BioLin, crystalline 0415 KH 2 PO4  204
Thiamine - HC1 0.12
Adanonine 0.30 KHO '~'

L-Alanine 2.70 _____________

L-Tryptophane 3,12
DL-Serine 6.24 Froajlt
L-Arginin ' 14CI 6.24 Nlto r
L-Proline 8.76 peso4 - 7H10 0.87 ram
Glyciine 8.764
*D-Histhionine 9.00 Conad HC1 4.5 ml
*DL-ThvscnLne (a llo-fres) 18,00
flL-Valtig 18.00 Heat to dissolve.

- DlnJ.Axpnrtir acid 19.20 _________________

DL-leolsuoin* 19.20 - a GoaLao/u00n'dl
)L- Phonyil oinsu 20,40

1,H8~l 1*i'C1 28.80 Pyridoxal - HO 043
DL-Louc in* 38.40
L-Glutnie acld 50.40 _________________

MnSS0, Hi0 1.20 Sodium bicarbonsa S1
M8804 7 03.00 802to araM/.liters
C&CI 21120 4,44 N - 5
alucise 300 - -

Guanine * 11C I A( 2.76

oi Iaf to dismoive in 600 nml HI Opim 9.0 ml concentrated HCl, add L-o AfS
st* ck, and bring final voluni to 12 1itarp.

h, aL~rillZed by fltr~ticn.
c, NLwIil izod by aiutov Lavfnj for 45 rniiteao at 121*C.
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C. PRODUCTION EQUIPMENT

A laJR -lined, jacketed, closed tank of 150-gallon capacity (special
type M) l served for preparation oF medium and growth of the culture,
This vessel (Figure 1) was equipped with a vsriabl6-speed impeller to
agitate the contents, and with the cusbomary temperature and motor controls.
Cultures wore filtered through a combination of sintered-glass b/clarifier
and sterilizer units, each of one squarefoot area. The clarifier fitter
(Five-micron porosity) was connected in series with two one-micron-porosity
sterilising filters. A flow rate of about 0,82 liter per minute was
achieved; this required back-flushing of the clarifier filter with sterile
water once 4,n hour. A standby 5-micron-porosity clarifier unit was used
during the bok-wash period. The beck-flushed fluid was collected Irn a
carboy),autoclaved, and disqardad. The filtration arrangement is shown in
Figure 2. The clarifier filters (a) are attached to the sterilixer filters
(b) arranged in series. Culture from the fermentor enters the assembly
froau the tube at right (c); sterile filttrate leaves in the tubs at left
through an opening in the wall.

Sterile culture filtrate yas passed into a second closed, glass-lined
Jak~eed -tank -(3:., series)k for adsorption and holding it 4'0, This tank
was also qtrippd iaith -an imapeler and the cumtomary refrigerant and motor
controls. The Sol-antig n oopleax was proqued iti an Lornat'Loti-al
Centrifuge, adl 13L.h'

D. ALU iNUM HYDROXIDE GEL

.The Vel used as adsorbent and adjuvant for the antigen was prepared by
the method of Hanson7 in a glass-lined steam-jacketed, open tank equipped
with sirring paddl .. A cot.nuau:.flc. -' " . r.= harws entrif u_ V
was used to remove and wash the gel. The final Sel product was tasted for
its antigpn-adgorhing ability with a culture filtrate of known immunizing
activity. lili ndard gol of proved antigen-adsorbing capacity, kindly
suppliad by Dr. Inga Schelbe[ of the SLaten. 8QrumLnsltLLuL, Copenhagen,
Ninim rk. wan umod as an adsorbent control. The gel produuL used in the
present work r toiribltd thA standard Danish gel in its adsorptive capacity
for AnL.Igan.

a. The Pfau-dlir Mfg. Co., Rochester, N. Y,
h. The Chem-rlow Corp., Little Falls, N. J.
c. International Equipment Co., Boston, Mass.
d, The Sharptna Corp., Philadelphia, Pa.
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E. ASSAY METHODS

Culture filtrates were tested for in vitro antigen activity by the com-
plement fixation method of McCann, Steatman, and Wright e and also by the agar
get diffusion method of Thorne and Ealton.9 .U y imunizing activity was
assayed by immunixation and challenge of rabbits. All animals received a
single 0.5-ml subcutaneous immunizing dome of antigen diluted in saline, as
shown in thle Tables. Two weeks later the animals and unimmunized controls
were challinged intracuta' .io.sly with 10,000 spores of the challenge strain
in a volume of 0.25 ml. Thie does represented 500 to 1000 LD50 , Residual
glucose in the culture was determined by the anthrone method of Morril, as
described by Naish,10 The bacterial counts ware estimated turbidimetrtcally
in a colorimeter against a naphelometric standard suspension of _aLtnola,
- obtained from the Division of Biologics Standards, National Institutes

of lealth, Aluminum, aluminum oxide concentration, and formalin content In
the final antigen product ware determined by the mthods described in U. S.
Pharmacopeia V I,1  Sterility end safety teets performed during production,
as well as on the final product were in accordance with Public Health
Service Regulations ,'a

F. POC22S DSCRIPTION: THE MEDIUM

AP.0 and C stocks, 12 liters eaph, wore added to 266.3 liters of dis-
tilled water contained in the. 150-gallon fermentation tank. The tank and
its contents were sterilizad by heating to 1204C and cooling immediately
to 3W0C. After the temperature had dropead to 1O0C, pressure was equilibrated
by aLlowina air to enter through a sterile air filter; six liters of sterile
sodium bicarbonaLm (12 por cent) ware then added, Sterile ferrous sulfate
and pyridoxal hydrochloride solutions, ele 4 in & 20-liter Pyrex glass
bottle, were added to the contents of the tank and the tank was inoculated
with ti aed culturo, Fina, pa Q, tnh me. w-iu;a .W== . 7.,. A .trt.

tube, Insetted through the inoculating valve, was used to introduce nitrogen
(sterilized by a filter) into the tank to a pressure of 5 paig. The gas
was introduced close Lo the aurface of the madJum for 25 mi,,utoa and dis-
placed the air through thu top valve of the tank; tha valve was then elomod,

Tho culture was inn.uhastd at 36" to 38"C under nitrogen for approximutely
27 hours, with agiLation at a constant rate or 20 ravolucions per minute,
Samples r.or the various tests were removed through a sterile tuhe at
selected intervals during growth,

0. FILTRATION AND ADSORPTION

At the termination of incubstion, the p|| of the culLure, which had dropped
to pli 6.9, waS raR1M'd Lo pH B.O with sterile 2N sodium hydroxide and th
culture wax cooled to 18' to 20"C, A pressure of ahout 10 peig of nitrogen
was applied, and thw culture wan forced through a glasn valve Ii the hottom
of the tank, h rugh the clarifying and stariliving filtors, and into the
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holding tank. Approximately six hours was required to filter the 300 liters
of culture. Twelve liters of the iterile aluminum hydroxide gel at a
temperature of 22C was added to the filtrate. The mixture wan agitated
tor 30 seconds at 60 revolutions per minute and then cooled tc 4". Three
times daily for five dsym, the suspension was agitated for 30 seconds. An
alternate method, preferable when proper aqgipment is available, would be to
agitate continueusly at 15 to 20 revolutions per minute for two daye,
AgitdtLion was diacontinuted 20 hours prior to removal of adsorbed antigen
from the tank to allow the material to settle. Approximately iL Liters of
-the concentrated ausponaton of adsorbed antigen was removed through the
bottom valve. The supernatant was discarded.

,H. FIN1AL PPOEISZ|tO
The adsorbed antigen war distributed asceptically tnto aberile 1,5-liter

Pyrex gles catrifuge bottles, each containing several :terile Sglc eads,
A centrifugal force, of 780.x 8 was applied for 10 minute at 46C, and the
supernatant wan removed .,aeptically by vacuum from each bottle and discarded.
The gel slurry remaining wa strtained into a sterile 45-liter Pyrex glass
carboy through a sterile fo, 82 mesh nylon strainer, The pooled slurry
-("pr4extly_ to _jiters) wan rasuspended in colt, serile, physiological
iilina soiuLion Lo 28.5 Liras. Preservatives wero added'and tho caf1ny
was held at 4*C until potency and safety t4sta were completed. The
preservative consisted of 750 ml of a 1:1000 solution of reoryettalized
bensethonium chloride* to a l140,000 final concentration. As a stabillser,
750 ml of one per cent formalin was added to a final concentration of 0,0092
per cent formaIdehyde. The final volume of product war 30 liters; this re-
presented a tenfold concentration from the original 300 liters of culture
filtrate. Determinations of sterility by cultural teste, oafety Uteat with
mice and Sminea pigs, teats for antigenicity in rabbits, and tests for
....... i_-.oid f fl e_ ;ef.red. Finallv. vials were f!lled

with 20-ml quantities of the antigen. Approximately 60,000 done# ware ob-
Lained from the 300-liter lot.

Ill. RISULTB

In the early phases of the investigation the fermentation tank con-
taining the culture medium wan inoculated with 500 spores per milliliter of
he production strain of . anthracig, am described previoualy.h Under
06ese conditions the initiation of growth wan delayed, maximum turbidity and
utili ation of glucose were reduced, and only emall amounts of protective
antitgen were detected In culture filtrates,

- Pho. iarol, produced by Parke, Davis & Co.
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The difficulty was overcome by seeding the tank with an actLve.ly
growing vegetative inoculum rather than with the spore suspension. Ten
liters of the culture medium in a carboy was inoculated with 10? spores
of strain V770-NPI-R, incubated statically in air"for 26 hours at 37*C,
and added to the main lot of medium. Under theme conditions good growth
and maximum accumulation of antigen occurred in the 300-liter culture
after incubation for approximately 26 hours. At intervals during the
incubation pertod determinations ware carried out of thu pHl, the bacterial
count, the complement fixation titer, and the residual glucose; data
complied from several production experiments are shown in Figure 3. Glucose
utiliation was the moat sensitive and useful indicator of the course of
the fermentationl carlier..studies had shown that, maximum antigen accumulation
coincided with the point at which glucose in the medium approached exhaustion,
After lB to 20 hours of growth it was possible to extrapolate the glucose
utilization curwo to tatime.o the time at which antigen elaboration woult "

be at a mAximum- and l1tratinO of cuituu c4uld be initiated. Anti.
ganicty of B il consecutive production lots am measured by in vy= and.
in ykM assays is prisented in Table I1,

TAKEX II. ANTIGENCITY OBTAINED Il SIX SUCCEBSIVE
JO0-LITER CULTURES

?!TERS OF CULTURE ANTIORNICITY Of 9AL-ADSORBED
Z1LThATj PRODUCT 9

Lot
CumiipLan ant 0.1 Antigen Diiution
fixation Diffusion
50% Units/ml ndpoint 1110 130 1:90 Controls

5 160 t:4 4/8; 6/8 0/2

6 160 1:4 6/8 0/2

7 160 1:4 4/8; 4/8 0/.

8 160 1:2 7/8; 7/8 5/8 5/8 0/2

9 160 1:2 7/8; 8/8 7/8 7/8 0/2

10 to 1:2 6/8 0/2

a. The 9n1LIK0,1 product war diluted with satine as shown; a single 0,5-ml
itriuni .lzIn Jiiectlon wam givon. Ratiop refer to murvivlng rabhits over
tho iot1,l ntimbur chatLonged,
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Stability to accelerated aging at 37*C of the gel-adsorbed product
was studied. Lot 9 antigen was incubated at 37*C and assayed in rabbits
at weekly intervals to determine the loss of immunogenic potency. The
results indicated that the antigen had considerable stability to accel-
erated aging; approximately 60 per cent of the test snimaLs survived
challenge after immunimation with antigen heated at 37*C for eight weeks
(Figure 4), These results indicated that stability to accelerated aging
of the product was equivalent to that of an ayarimental gel.-adsorbed
antigen prepared previously in the laboratory. Several lorts of antigen
were re-assayed after storage for one ptar at 40C, Results of these
re-assays indicated that antLgenicity of the stvred product decreased
to a slight but minor extent in some of the lot& (Table III).

TABL III. ANTIOgNICITY Of GUL-ADORI2D ANTIOEN
AFTIR STORAGE AT 4%O FOR ONE YEAR

Number Survival ! oti .. Controle

Antigen dilution
.lL0 130 1190

a 3/6 --- 3/6 0/2

9 3/6 4/6 3/6 0/2

10 8/8 --- 618 0/2

a. The antigen product was dilated with saline as
shown; a singLe 0,5-mL immunizing injection was
given. Ratios refer to surviving rabbits over
the total number challenged.

Several lots of gel-adsorbed antigen have been used in a continuing
program of immunU1ation of personnel occupationally exposed to anthrax,
either In research laboratories or in industry. The antigen was well
tolerated; mild and transitory local reactionk were elicited at the site
of IJection in a very ImaIl percentage of those immunized. Further
atudJoN on the mntigenlcity of the product are in progress,
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IV. D1sCUSSIQN

The study achieved its objective, the development nf a laboratory method
into a process suitable for large-scale production of the protective antigen
of B. anthracs. The process described hare appears to be a reliable method
for producing large volumes of the antigen in a form suitable for immuniza-
tion of an; it is adaptable to a further increase in the scale of production
should the need exist. Replacement ot the spore Inoculum with an actively
growing vegetative inoculum was the only change that was required to adapt
the laboratory procedure to use with 300-liter lots of culture in tanks.
Substitution of the vegetative inocaulum not only led to satisfactory growth -,
and elaboration of antigen, but also reduced the inculation time of the tank
Culture to approximtely 26 hours. No explanation was establisl,d fo* failure
of at tu nk-sovale- cultures -to 'growasatscorl ahe aortysce
Gultuvos when a spore inoaulum was usd,

The preparation. of antigen produced in the present study appear to be
at least equivalent -to those -peparad in the laboratory in allI respects

valid comparison can be mede with diffuion titers recorded by others
because of the use of dixfrent antecra and the probabla tnluhe oi

minor riations in technique. The present preparations also resmbled
labortnr preparationm .tn stability during soragseC at4C and during
accelerated aging at 3Vc ,

The easy satisfactory portion of the ever-all process was the oen-
trifuation al tne geigadforbed-pruduu. Thiaipr-oodua* a iv, .. . .
consuming and itords a potential source or ooaisof fi .... n
vler conceps in the production tshod are under consideration in an
efor e l mnoto the troublesome oentrifugation and aintain an
emenially c ioed production system,

The protective antigen i a rather labile substance elaborated only
under crestly onatrollad conditions, The satisfactory results obtained
in productiton si this pubtnce in 300-lier los may jusitifi attempts

to produce other LAbile hiological@ on a large scale by bloengineering
techniquos.


